INTRODUCTION
7 four species, consistent with the fact that all classes of echinoderms have a well-defined adult 141 skeleton that originated at the base of the phylum. Contrary to previous studies, we identify major 142 differences in the temporal expression of regulatory genes, which suggests a high-degree of re-143 wiring for the developmental GRN. Furthermore, applying a fuzzy clustering approach, we find that 144 most skeletogenic differentiation genes exhibit an increasing trajectory of expression during 145 development consistent with their hierarchical position as the final tier of a GRN. We also present 146 an R-shiny application to allow access to all of the data presented here for future analysis.
Given the similarity of development between sea urchin and brittle star (Dylus et al. 2016;  characterize for the first time the expression of genes in the brittle star A. filiformis using RNA-seq 154 technology at four chosen key developmental stages that extend over the entire development of 155 the larval skeleton, from early cell specification to final cell differentiation. The developmental 156 stages are: end of cleavage stage (9 hours post fertilization; hpf), a hatched blastula stage (18 (Uniprot DB; Bacteria Release 2014_06; 2563 species) and crosschecked the identified sequence (N50: 1410) constituting our reference transcriptome (RefTr) (Tab. 1). The number of contigs 180 produced by de novo transcriptome assemblers is typically large as assemblers cannot 181 differentiate between isoforms or alternative transcripts of the same gene and thus report each 182 separately (reviewed in Moreton et al. 2014) . Moreover, artefacts such as repeats, sequencing 183 errors, variation in coverage or genetic variation within a diploid individual, create contigs that are 184 not truly representative of different isoforms. As a result, transcriptome assemblers often report 185 repeated contigs that differ only by a single nucleotide polymorphism (SNP), indel or fragmented 186 versions of a transcript (reviewed in Moreton et al. 2014) . Moreover, simulation studies using error-187 free reads showed that de novo assemblers inevitably produce multiple contigs for the same gene 188 (Vijay et al. 2013) . To account for this type of variation in the absence of a reference genome, but 189 without losing sequences, we partitioned similar contigs that differ due to SNPs or indels into 190 transcript families that share a protein identity of at least 97%. On average this approach grouped 191 1.3 contigs to each transcript family, resulting in 67,945 total transcript families. Unfortunately, 192 splice variants and other artefacts are not incorporated into this type of clustering, leading to a 193 number still larger than expected when comparing with the gene set of the sea urchin S.
194
purpuratus gene set (~21.000; Tu et al 2012), the only echinoderm for which high quality genome 195 sequence data was available when this study was conducted.
196
To test the quality of our assembly, we compared our RefTr with 48 isolated clones containing 197 coding (cumulative length of 32,769bp) and UTR regions (cumulative length of 7,091bp) 198 sequenced using Sanger sequencing technology. Using BLASTn and collecting only the top hits,
199
we obtained an average percentage of identity of 98.6%. On an average alignment length of 588bp 200 we found ~7 mismatches in coding sequence, resulting in an average polymorphism in coding 201 sequences of 1.2%, a value to be expected based on the fact that clones were obtained from 202 various batches of cDNA that are different from the samples used for the RefTr. In conclusion, we produced a high-quality reference transcriptome assembly that will provide a valuable resource for 204 future studies in brittle star biology.. 
238
To gather information about the echinoderm-specific gene content we used a union of the Spu 239 genesets predicted from genome and transcriptome databases (29,072) to identify genes in Afi and 240 the other echinoderm species by applying a tBLASTx (evalue: 1e-6) search. For the identification 241 we followed the khmer-protocols v0.84 (Brown et al. 2013) . In this protocol a reciprocal blast is 242 used on the sequences partitioned into transcript families. Reciprocally identified sequences are 243 classified as orthologs and unidirectional identified sequences as homologs. Additionally, for 244 contigs part of the same transcript family the BLAST result is propagated in order to ensure that 245 the identification is consistent with the partition. Using this protocol, we found homologs of Spu 246 proteins for ~58% of Afi RefTr sequences, for ~75% of Pmi genome and transcriptome derived 247 contigs, but for only ~6% of Ame transcriptome-derived contigs. Detailed numbers are presented in 248 Tab. 2. Importantly, the largest number of homologs of sea urchin proteins were identified in Pmi 249 (16, 211) , followed by Afi (13,656) and Ame (12, 982) . This finding is consistent with the fact that the 250 Pmi dataset is a combination of contigs derived from both genomic and a transcriptomic data,
251
whereas the Afi and Ame datasets are derived solely from transcriptomes. As a positive control for 252 our strategy, we searched the Spu dataset against itself and found 91% (Tab. 2) of hits with an 253 evalue less than 1e-6. The residual 9% of protein coding sequences are likely to be highly similar 254 sequences such as recently duplicated genes, different alleles, or potential wrongly annotated 255 genes, which in general fail to give a clear unequivocal result using a BLAST alone approach.
256
To determine the extent of sequence conservation in the echinoderm phylum we computed the 257 overlap of contigs shared between species. Therefore, we searched reciprocally all versus all 258 species (tBLASTx, evalue: 1E-6) using each time one of the four species as a reference (Fig. 2B ).
Our analysis shows that around 6,000 sequences are common to all species analysed, 260 corresponding to 25% of the protein coding sequences of the sea urchin reference species. Any 261 other combination of 2-3 species identified at least 1,000-2,000 shared genes. This suggests that 262 in each class a specific subset of ancestral genes has been retained and consequently that others 263 have been lost or have diverged beyond recognition with the methods employed here. Notably, we 264 observed a higher number of genes to be shared between Afi and Pmi compared to other pairs of 265 species (Fig. 2B ). This is consistent with the recently published phylogenetic analysis of 
295
Apoptosis, Metalloprotease, Adhesion and GPCRRhodopsin (Fig. 3) . Interestingly, the class of 296 Biomineralization, GPCRRhodopsin, Histones and ZNF shows the highest level of variation 297 between the three species (sd > 10%) and we find a high number of ZNFs only in brittle stars (Fig.   298 3).
299
To obtain a better picture of the conservation of the developmental program in general and the 300 evolution of the larval skeleton in particular, we focused our analysis on regulatory genes (TF and 
319
Homologs of more than 50% of Spu genes belonging to the collagen, cyclophilin and carbonic 320 anhydrase categories (STab. 4) were found all species. Interestingly, in a first assessment we 321 found few homologs of the nine Spu msp130 genes in the species analysed here (two sequences 322 in Afi, three in Pmi, and four in Ame), although many contigs showed sequence matches.
323
Therefore, we investigated if there are actually more msp130 genes in the other species that Blast 324 algorithm alone is not able to discriminate. Using 18 candidate genes, we generated a multiple 325 sequence alignment and built a hidden Markov model (http://hmmer.org, version 3.1b) in order to 326 scan for other contigs with a msp130 signature. With this approach, we found several candidates 327 in our dataset that had this signature but were different in terms of their amino acid sequence. In we computed the overlaps between the four species (Fig. 4) . Due to the fact that skeletogenesis in 357 the adult is a feature present in the common ancestor of extant echinoderms we wanted to check 358 whether the 494 skeletogenic genes found in all four species are more highly conserved than a set 359 of randomly selected genes. Therefore, we computed the overlap of 901 genes selected randomly embryonic development of this organism. We also present an overall strategy to effectively 485 compare different data sets and to use RNA-seq quantitative data in the absence of a reference 486 genome. Our data and assembly/annotation strategy is then used to obtain insights into two key 487 evolutionary questions: how did the larval skeleton in echinoderms evolve and how conserved is 488 the regulatory program of the pluteus larvae of sea urchins and brittle stars?
489
To assemble the A.filiformis RNA-seq data, we used a strategy with digital normalisation 490 followed by application of the Trinity assembly. Our approach with digital normalisation allowed us 
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The modelling of developmental GRNs requires knowledge of spatial and temporal 631 expression. For a GRN analysis comprising a few genes, the integration of such data is a relatively 632 simple task. In a systems biology perspective, however, where hundreds or thousands of genes 633 are considered simultaneously, it is easy to lose track of the important details of few or single 634 genes, especially when working on novel systems with little to no access to the established data.
635
Thus, we developed a website (http://www.echinonet.eu/shiny/Amphiura_filiformis/) using R-shiny 636 that allows users to query different types of information, similar that implemented by Tu and 637 collaborators in 2014 for S. purpuratus (Tu et al. 2014) . Using the statistical programming language gives access to annotations, expression levels, sequence information, differential screening and 
